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RESUME 


Dans  cette  Note  technique,  on  publie  les  profils  de  vitesse 
mesures  a  l'aide  de  la  technique  des  etincelles  consecutives  au  cours  du 
programme  d'etude  du  sillage  des  cSnes  hypersoniques .  A  cause  de  la 
presence  d'angles  d'incidence  d'amplitude  et  d 'orientation  differentes 
lors  de  la  plupart  des  tirs  de  cdnes,  il  n'a  pas  et6  possible  de  determiner 
la  distribution  transverse  de  la  vitesse  axiale  moyenne  comme  dans  le  cas 
des  spheres.  L'utilisation  de  ces  profils  a  ete  limitee  a  la  determination 
de  caracteristiques  de  vitesse  axiale  au  centre  et  a  la  frontiere  du  sil¬ 
lage  turbulent  et  a  la  visualisation  de  l'asymetrie  du  profil  de  vitesse 
axiale.  Cependant,  ces  mesures  contiennent  de  1 'information  additionneile 
sur  la  structure  du  sillage,  information  qui  ne  peut  etre  extraite  a  cause 
du  manque  de  donn6es  statistiques  mais  qui  pourrait  interesser  les  specia- 
listes  dans  le  domaine. 


ABSTRACT 

The  purpose  of  this  Note  is  to  document  on  the  velocity  profiles 
measured  with  the  sequential  spark  technique  during  the  program  of  study 
of  .cone  wakes.  Due  to  the  presence  of  angles  of  attack  of  different 
amplitude  and  orientation  with  respect  to  the  spark  traces,  it  has  not 
been  possible  to  determine  the  transverse  distribution  of  the  mean  axial 
velocity  as  was  done  in  the  case  of  spheres.  The  use  of  these  profiles 
has  been  limited  to  the  determination  of  characteristics  of  wake  axis  and 
wake  front  velocities  and  to  the  visualization  of  the  skewness  of  the 
transverse  profile  of  axial  velocity.  The  results,  however,  contain 
additional  information  on  the  wake  structure  which  cannot  be  extracted 
presently  because  of  lack  of  statistical  data  but  which  could  be  of 
interest  to  specialists  in  tl  e  field. 
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1 . 0  INTRODUCTION 

An  experimental  study  has  been  carried  out  on  the  wakes  produced 
by  hypei sonic  cones  flying  at  a  velocity  of  15,000  feet/second  in  Range  3 
at  the  Defence  Research  Establishment  Valcartier  (DREV) .  Two  basic  cone 
shapes  have  been  flown:  0.7  inch  base  diameter,  20°  included  angle  cones 
with  either  sharp  or  blunted  noses  and  a  1.0  inch  diameter,  44°  included 
angle,  sharp  nose  cone.  Because  of  the  complexity  of  the  flow  field 
generated  by  these  cones  which  usually  fly  at  some  angle  of  attack,  the 
experimental  study  was  limited  to  one  set  of  ambient  conditions,  namely, 
cone  velocity  of  15,000  feet/second  and  ambient  pressure  of  100  torr  of 
air. 


The  sequential  spark  technique  used  for  the  measurement  of  the 
wake  velocity  distribution  was  the  main  diagnostic  tool  of  this  experi¬ 
mental  study  of  cones  wakes.  The  technique,  which  has  been  described  in 
length  (1),  is  based  on  the  formation  of  an  ionized  luminous  path  in  the 
wake  by  a  first  spark  and  on  the  periodic  re-illumination  of  the  displaced 
ionized  path  by  successive  sparks.  Additional  diagnostic  tools  included 
the  photo-attitude  and  velocity  measurement  system  of  the  range  which  were 
used  to  determine  the  flight  history  and  to  measure  the  drag  coefficient, 
ana  also  the  schlieren  technique  used  to  measure  the  growth  and  deflection 
of  the  wake  behind  cones  flying  at  angles  of  attack. 

Over  one  hundred  profiles  of  velocity  were  measured  behind  the 
cone  shapes.  The  measurements  have  revealed  the  presence  of  an  asymmetry 
in  the  transverse  profile  of  axial  velocity  and  the  presence  of  a  lateral 
velocity  component  in  the  wake  of  high  lift  to  drag  ratio  cones  flying 
at  angle  of  attack.  Characteristics  of  the  wake  axis  and  the  wake  front 
velocities  have  been  derived  and  show  good  agreement  with  other  available 
results.  The  results  of  this  experimental  study  of  cone  wakes  have  been 
published  in  Reference  2. 


The  purpose  of  the  present  note  is  to  document  the  velocity 
profiles  measured  with  the  sequential  spark  technique  during  the  program 
of  studv  of  cone  wakes.  Due  to  the  presence  of  angles  of  attack  of  dif¬ 
ferent  amplitude  and  orientation  with  respect  to  the  spark  traces,  it  has 
not  been  possible  to  determine  the -transverse  distribution  of  the  mean 
axial  velocity  as  was  done  in  the  case  of  spheres  (3) .  The  use  of  the 
profiles  of  axial  velocity  in  Reference  2  has  been  limited  to  the  deter¬ 
mination  of  characteristics  of  wake  axis  and  wake  front  velocities  and  to 
the  visualization  of  the  skewness  of  the  transverse  profile  of  axial 
velocity.  These  profiles  contain  additional  information  on  the  wake 
structure  which  cannct  be  extracted  presently  because  of  lack  of  statistica 
data  but  which  could  be  of  interest  to  specialists  in  the  field.  The 
method  of  analysis  of  the  spark  data  is  described  and  results  collected  by 
the  other  diagnostic  tools  which  are  required  for  the  analysis  of  the  spark 
data  are  included. 
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2.0  PREREQUISITES  TO  THE  ANALYSIS 

The  presence  of  an  angle  of  attack  on  most  cone  firings  has 
necessitated  an  extensive  modification  of  the  method  used  to  analyse  the 
spark  data  on  spheres  (1,  3).  A  number  of  effects  of  the  angle  of  at  ack 
have  been  observed  on  cone  wakes:  these  are  increased  wake  diameter  and 
axial  velocity  which  are  related  to  the  drag  coefficient;  wake  deflection 
and  lateral  velocity  which  are  associated  with  tne  lift  forces  acting  on 
the  cones;  asymmetry  in  the  form  of  a  skewness  oi  the  transverse  profile 
of  axial  velocity  in  planes  parallel  to  the  one  defined  by  the  cone  axis 
of  symmetry  and  the  angle  of  attack.  The  presence  of  these  effects  has 
set  a  number  of  prerequisites  for  the  analysis  of  the  spark  data:  si 
accurate  determination  of  the  attitude  of  the  cone  in  flight;  a  good 
knowledge  of  the  drag  and  lift  coefficients  as  a  function  of  the  angle 
of  attack  for  the  normalization  of  the  data;  a  knowledge  of  the  wake 
deflection . 

2 . 1  Flight  History  and  Drag  Coefficient 

The  flight  history  of  the  cone  is  determined  by  a  series  of 
stereo  flash  X-ray  photoattitude  stations  located  at  various  points  along 
Range  3  (4).  From  the  analysis  of  the  stereo  X-ray  films,  the  pitch  and 
yaw  angles  and  the  coordinates  of  the  position  of  the  cone  center  of 
gravity  are  obtained  at  discrete  locations  down  the  range.  A  series  of 
chronographs  operated  in  conjunction  with  the  X-ray  stations  are  used  to 
record  the  time  of  passage  of  the  cone  at  each  station  and  the  velocity 
of  the  cone  is  calculated  from  this  record  using  the  distance  between  the 
stations. 


Because  the  cone  attitude  is  known  only  at  discrete  positions 
in  the  range  and  knowledge  of  the  attitude  is  required  at  intermediate 
positions  for  the  interpretation  of  the  data  measured  by  the  spark  and 
schlieren  technique,  it  is  necessary  to  interpolate  the  data  between  the 
discrete  points.  Interpolation  of  the  position  of  the  center  of  gravity 
is  easy  because  the  amplitude  of  its  oscillation  is  relatively  small  and 
this  interpolation  is  made  graphically.  As  for  the  pitch  and  yaw  angles, 
the  oscillation  of  the  angles  with  respect  to  the  distance  down  range  is 
usually  large  and  graphical  interpolation  cannot  give  the  required  accuracy. 
Consequently  the  interpolation  is  made  through  the  least  mean  square  fit 
of  expressions  of  the  form: 

0(x)  ■  0  +©!  sin(^  x  +  <t>  )  1 

0  0  0 
for  the  pitch  angle  and 

»Kx)  a  t0*4>i  sin(j~  x  *  O  2 

*l>  * 

for  the  yaw  angle  where, 

0(x)  and  <l’(x)  are  the  pitch  and  yaw  angles  at  any  point  down 
the  range 
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Q0  and  if/0  are  trim  angles 

01  and  p  are  the  amplitudes  of  the  harmonic  motion 

A0  and  are  the  wavelengths  ir  feet  which  are  assumed  to  be 
equal 

and  ^  are  the  phase  angles  in  radians. 


the  data-  the  f  !“  T'f '  f°Ur  Param<!t«'rs  ■»«>  to  be  fitted  to 

harmonic  motion  ?he  ?ri»  J  “"P11111116-  “avelength  and  phase  of  the 
geometry  of  tT'-JiV  ?  -g  are  caused  by  ^perfections  in  the 

from  gun  launching  under  high  acceleJ«ioi!°n  ?L'°  daf°™a*ions  resulting 

r  th  “r Ld  ““•  stss*. 

of  the  oscillation  has  ^en”eg ^“ed  beSause=Ptheemea:haVi°r'  ^  da"Ping 

p-'izzxtz  ?  dr  £S'H~=ly 

evaluating  equations  1  and  2  at  the ^location  Tf^he  Kere  °btained  bh 

iss,fx.: a3 tfeet)-  The <«  ^ :«usr 

b-h™d 

at ‘whichFh^1  k  h  ‘  ^  ^^in^^Lln  T. 

Of  Table  ? '  "»  daba 


sH£H:F:vr  -l-K'r:1:*,.. 

j  .  attack  for  the  three  models  used  in  the  nropram  Th»> 

drag  coefficient  (CD)  can  be  detensined  from  the  relation! 


-dV  1  s 

dx  2  0  M  V  CD’ 

where 


3 


V  =  velocity  of  the  cone 

dV 

dx  *  derivative  of  the  cone  velocity  with  respect  to  the 
distance  in  the  range 
p  *  ambient  gas  density 

S  =  cone  base  area 

M  °  mass  of  the  cone. 


Ii  r*  °*  ia?d  M  arC  constants  which  arc  determined  from  the 
g  ambient  conditions  or  from  measurements  on  the  cone  The  velocity 
V  and  the  deceleration  dV/dx  are  obtained  from  the  flights  orv  bv 
fitting  a  straight  line  to  the  velocity  data  as  a  funcUon  of  distance 
range.  The  velocity  V  is  an  average  velocity  over  the  measured 
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interval  and  the  deceleration  dV/dx  is  the  slope  of  the  fitted  line. 

Ir^m  these  values,  a  value  of  CL  averaged  over  the  measured  region  is 
calculated  from  equation  3. 

The  next  step  is  to  determine  an  effective  angle  of  attack  for 
the  drag  from  the  fitted  expressions  for  the  pitch  and  yaw  angles 
(equations  2  and  3) .  The  RMS  value  of  the  angle  of  attack  is  given  by 
the  following  expression: 

aRMS  =  '°2(x)  +  ^2Cx) ! 2  -  4 

The  effective  angle  of  attack  from  the  point  of  view  of  the  drag  coeffi¬ 
cient  obtained  from  the  cone  velocity  history  is  given  by 

“eff  =  x'  -x  *2  Iq2«  +  Cx)  ’ 2  dx,  5 

2  1  Xj 

where  Xj  and  x2  arc  tne  limits  of  the  interval  of  the  measurement. 

Measurements  of  the  total  drag  coefficient  for  the  20°  vertex 
angle  sharp  nose  cones  arc  shown  in  Figure  1.  The  measurements  were 
mada  on  two  model  sizes:  the  0.7  inch  base  diameter  cones  launched  in 
Range  3  and  the  2.0  inch  base  diameter  cones  launched  in  Range  5.  The 
dashed  curve  represents  a  calculation  of  the  pressure  induced  drag  (Cnp) 
made  by  Laviolctte  (5)  based  on  the  modified  Newtonean  theory  of  Gray  (6). 
The  skin  friction  drag  component  was  determined  from  the  mean  deviation 
of  the  experimental  points  with  respect  to  the  theoretical  curve  Cnp 
The  total  drag  curve  (full  curve)  was  then  obtained  by  displacing  the 

theoretical  curve  by  an  amount  equal  to  C_„. 

DF 

Figures  2  and  3  show  corresponding  results  for  the  44°  vertex 
angle  sharp  nose  cone  and  for  the  20°  vertex  angle  blunted  nose  cone. 

The  theoretical  curve  has  been  used  to  normalize  the  velocity  data  in  the 
case  of  the  20°  blunted  cone  because  the  small  number  of  experimental 
points  does  not  warrant  the  determination  of  the  skin  friction  drag 
component . 


Figure  4  shows  the  lift  coefficient  curves  as  a  function  of 
the  angle  of  attack  calculated  by  Laviolctte  and  which  have  been  used  in 
the  normalization  of  the  wake  deflection  and  the  lateral  velocity  data. 

2 . 2  Wake  Deflection  and  Width 

The  lateral  deflection  of  the  wake  on  cones  flying  at  angles 
of  attack  is  produced  by  the  vortex  system  generated  by  the  cone.  This 
deflection  is  in  the  direction  of  the  windward  side  of  the  cone  and  is 
observed  usually  on  bodies  with  high  lift  to  drag  ratio.  The  knowledge 
of  the  wake  deflection  is  essential  to  the  analysis  of  the  velocity  data 
measured  with  the  spark  technique  in  order  to  relate  the  velocity  profile 
to  the  position  of  the  turbulent  core. 
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The  schlieren  technique  was  used  to  determine  the  lateral 
deflection  and  the  growth  of  the  turbulent  wake.  Measurements  of  the 
width  and  deflection  were  made  on  a  large  number  of  firings  for  each  of 
the  three  cone  models  used  in  the  program.  The  results  for  the  20°  sharp 
and  blunted  cones  are  presented  in  Figures  5  and  6  respectively.  The 
deflection  in  base  diameter  is  normalized  to  the  lift  coefficient  and  the 
axial  distance  to  the  drag  diameter  (CpA) 2 .  Normalization  of  the  axial 
distance  with  respect  to  the  base  diameter  results  in  approximately  the 
same  scatter  of  the  data.  The  normalization  to  the  drag  diameter  was 
selected  for  convenience  in  the  analysis  of  the  spark  data.  The  full 
curves  in  Figures  5  and  6  represent  the  mean  curves  calculated  from  the 
data.  These  mean  curves  are  used  in  the  analysis  of  the  spark  data. 

The  44°  vertex  angle  sharp  nose  cone  exibits  no  vortex  induced 
wake  deflection.  This  absence  of  deflection  is  explained  by  the  small 
lift  to  drag  ratio  of  this  model. 

o  Figures  7,  8  and  9  show  wake  growth  characteristics  for  the 

20  sharp  and  blunted  cones  and  for  the  44°  sharp  cone  respectively.  In 
each  case,  the  cone  data  are  compared  with  sphere  data  measured  under 
almost  identical  test  conditions  (7).  A  value  of  CD  of  0.9  was  used  in 
the  normalization  of  the  sphere  data.  Cone  and  sphere  data  are  in 
excellent  agreement  except  in  the  case  of  20°  blunted  cone  (Figure  8). 

Part  of  the  deviation  in  that  case  may  be  explained  by  the  uncertainty 
of  the  drag  coefficient  for  the  blunted  cone.  The  wake  growth  data  given 
here  may  be  of  use  in  determining  the  position  of  the  turbulent  front  on 
the  velocity  profiles. 

A  more  detailed  treatment  of  the  results  presented  in  this 
section  is  given  in  Reference  2. 


3.0  METHOD  OF  ANALYSIS  OF  THE  VELOCITY  DATA 

On  sphere  data,  a  fairly  simple  method  is  used  to  obtain  the 
wake  velocity  from  the  spark  traces  (1,  3).  The  axial  velocity  of  the 
wake  is  calculated  from  the  projection  of  the  sparks  in  the  xoz  plane, 
where  x  is  the  direction  of  the  flight  and  z  is  the  vertical  axis  of  the 
range.  The  radial  position  of  the  measurement  is  calculated  from  the 
projection  of  the  spark  in  the  yoz  plane  where  y  is  the  horizontal  axis 
perpendicular  to  the  flight  axis  and  o  is  the  position  of  the  projectile 
in  the  transverse  plane  of  the  range  at  the  spark  station.  A  lateral 
turbulent  velocity  of  the  wake  is  also  calculated  in  the  y  direction  from 
the  projection  of  the  spark  traces  .n  the  yoz  plane.  The  assumption  is 
made  in  this  method  that  the  turbulent  velocity  in  the  z  direction  is 
equal  to  zero. 

On  cone  wake  velocity  measurements,  this  rather  simple  method 
o  reduction  has  to  be  extensively  modified  due  to  the  presence  of  wake 
deflection,  lateral  wake  velocity  and  axial  velocity  profile  skewness. 
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In  the  presence  of  wake  deflection,  velocity  profiles  must  be  traced  with 
respect  to  the  wake  position  which  is  a  function  of  axial  distance.  The 
assumption  that  the  lateral  velocity  in  the  z  direction  is  negligible  is 
not  valid  in  the  presence  of  a  pitch  angle.  The  presentation  of  axial 
velocity  profiles  as  a  function  or  radial  distance  is  not  acceptable  due 
to  profile  skewness.  Finally,  the  velocity  profile  skewness  prescribes 
the  reorientation  of  the  coordinate  system  in  whr'ch  the  measurements  were 
made  in  such  a  direction  that  the  axes  of  symmetry  of  the  velocity  profiles 
are  aligned. 

Figure  10  illustrates  the  transformation  of  the  coordinate 
system  of  the  spark  data  required  to  align  the  axes  of  symmetry  of  the 
velocity  profiles  in  the  same  direction  and  to  take  into  account  the 
deflection  of  the  wake.  This  transformation  consists  in  a  rotation  and  a 
translation  of  the  coordinate  system.  The  ar.gle  cf  rotation  is  evaluated 
from  the  pitch  and  yaw  angles  at  the  spark  station  oy  the  following 
expression: 

4>  =  arc  tan  0/ip  6 

The  coordinates  Y  and  X  in  the  rotated  system  of  the  point 
(x,y)  in  the  original  system  are  given  by: 

Y  =  z  sin  <}*  t  x  cos  4>  7 

Z  =  x  cos  <p  -  y  sin  <J>  8 

In  the  rotated  system,  the  wake  deflection  due  to  vorticity  is  in  the 
positive  Y  direction.  At  any  axial  distance  behind  the  cone,  the  wake 
deflection  is  determined  from  the  mean  curve  of  Figure  5  or  6  and  the 
axis  is  displaced  to  Z1. 

The  Y  axis  is  the  symmetry  axis  of  the  axial  velocity  dis¬ 
tribution.  Velocity  profiles  measured  along  the  Y  axis  or  parallel  to 
this  axis  should  show  a  skewness  toward  the  positive  Y  direct ‘on;  velocity 
profiles  measured  perpendicular  to  this  axis  should  be  symmetric.  Further¬ 
more,  the  lateral  velocity  induced  by  vorticity  will  be  in  the  positive  Y 
direction. 


The  determination  of  the  axial  and  lateral  velocity  of  the  wake 
is  illustrated  in  Figure  11  which  shows  projections  of  the  spark  traces 
in  the  original  xz  and  yz  planes.  The  rotated  and  translated  system  of 
axes  is  also  shown.  Sj  and  S2  in  both  views  represents  segments  of  the 
first  and  second  spark  trace«-  of  the  sequence.  The  points  of  these  segments 
are  the  actual  points  measured  on  the  projecting  equipment.  These  points 
are  measured  at  constant  intervals  along  the  z-axis.  The  lateral  velocity 
is  measured  in  the  direction  of  positive  Y  from  the  measured  point  on 
to  a  point  obtained  by  interpolation  on  S2  (second  degree  interpolation  on 
three  points).  The  position  of  this  interpolated  point  is  then  projected 
in  the  xoz  view.  The  axial  velocity  (in  the  direction  of  positive  x)  is 
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Jalue^fTmi  fr°r  ‘rt  corresP°ndi"g  Point  on  Sj  to  the  interpolated 
i  ??  ?2'  the  CfSe  where  the  spark  trace  was  parallel  or 

The  vertical 1^1  ^  Y  aX*S  ^  ~  0)  ’  this  method  could  not  be  used. 

from  the‘w!LdHS?i  C!^ent  °f  Sl  With  resPect  t0  s2  was  then  determined 
from  the  wake  deflection  curves  by  evaluating  the  increase  in  deflection 

corresponding  to  the  interval  of  time  between  S,  and  S, .  To  avoid  large 

;rl™  “  »U  oases  where  the'angle  Eetween  the  positive 

y  axis  and  the  spark  trace  was  smaller  than  45°  have  been  rejected 

tt,.  Figure  12  shows  a  typical  result  for  one  sequence  of  sparks. 

i  figure  also  illustrates  the  format  used  for  presenting  individual 
*™rtS  °f  V!l0cit>:  cones-  ^e  firing  number  and  fhe l^e  of 

corner  the^esi^t  "  the  tOP  °f  the  graph‘  In  the  “PPe/left  hand 
pressure  In  conditions  are  indicated:  cone  velocity  fV„j ,  ambient 

fX/5SK  dl_st*nc?  *n  base  diameter  (x/D)  and  drag  diameters 

and  K  hv  a  gl  ?f  pitch  (0)»  yaw  w>  attack  (a)  and  rotation  (f) 
nf  tS%®P  Ik  lnt®ryal  M  •  The  graph  on  the  lower  left  shows  the  position 

axes  ™TLSPark  Une)  in  thG  r°tated  and  translated  system’!!? 

f  •  Jb  origin  of  this  system  of  axes  is  the  position  of  the  center 

of  the  turbulent  C°r6'  ^  P?sition  of  the  Projectile  and  the  diameter 

?  ?■  C°!e  are  lndlcated  in  this  case.  The  dashed  line  is  a 

nrofife^  it  0"  ^  Spark  trace'  The  axial  and  lateral  velocity 

fftf^  ?•  °^  ?he  upper  and  lower  right  side  are  plotted  against  this 

fitted  line  with  the  beginning  of  the  velocity  profile  corresponding  to 
e  cross  on  the  lower  end  of  the  spark  trace  on  the  left.  These  velocity 
profiles  are  cal dilated  from  the  first  and  second  sparks  of  the  sequence 
As  mentioned  earlier,  no  lateral  velocity  profile  is  obtained  whence 
angle  between  the  spark  trace  and  the  Y  axis  is  smaller  than  45°. 


4 . 0  RESULTS 


,no  -  Figures  13  to  78  show  the  velocity  profiles  measured  on  the 
20  vertex  angle  sharp  nose  cones.  The  profiles  measured  in  the  wake  of 
0  vertex  angle  blunted  nose  cones  are  presented  in  Figures  79  to  89 
while  profiles  measured  behind  44  vertex  angle  sharp  nose  cones  are 
presented  from  Figures  90  to  121. 
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TABLE  1 


COEFFICIENTS  FROM  THE  LEAST  MEAN  SQUARE  FIT  OF  THE 
PHOTO  ATTITUDE  DATA  USING  EXPRESSIONS  OF  THE  FORM: 


1 

and 

♦  (*)  1 

i|/0+ih  sin(^  + 
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2.37 
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4 . 36 
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79.00 
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4 .32 

79.00 
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4,42 
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73.10 
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7 1  43 

2. 00 
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Figure  1.  Measured  drag  coefficient  of  the  20°  vertex  angle  sharp  nose 
cone . 


Figure  2.  Measured  drag  coefficient  of  the  44°  vertex  angle  sharp  nose 
cone .  r 
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Figure  3.  Measured  drag  coefficient  of  the  20°  vertex  angle  blunted  nose 
cone . 


Figure  4.  Theoretical  curves  of  the  lift  coefficient  as  a  function  of 
the  angle  of  attack. 
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07“  BASE  CMAM,  20*  VERTEX  ANGLE.  SHARP  NOSE  CONES 


Figure  5.  Normalized  wake  deflection  as  a  function  of  axial  distance 
for  the  20  vertex  angle  sharp  nose  cone. 


Figure  6.  Normal i zed  wake  deflection  as  s  function  of  axial  distance 
for  the  20  vertex  blunted  nose  cone. 
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Figure  7.  Nake  growth  of  the  20*  vertex  angle  sharp  nose  cone  compared 
to  sphere  wa'<e  growth. 
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Figure  8.  WaVc  vth  of  the  20*  vertex  angle  blunted  note  cone  cospared 
to  here  vnke  growth. 
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Figure  9.  Wake  growth  of  the  44*  verte*  angle  sharp  nose  cone  compared 
to  sphere  wake  growth. 
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Fl|ur*  10.  Transformation  of  the  coordinate  system  of  the  spark  data 

required  to  align  the  axis  of  Fmaetry  of  the  velocity  profiles 
and  to  take  into  account  the  deflection  of  the  wake. 


Figure  II  Determination  of  the  aiial  and  lateral  velocities  of  the  walk* 
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Figure  12.  Typical  results  for  the  axis]  and  lateral  vclociti 
from  one  sequence  of  sparks. 
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t.T*  IAJC  OIAK.,  10°  HALF  ANCLE,  SHARP  NOSE  CONE 
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Figure  16 


Figure  17 
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0.7"  BASE  DIAM.,  10°  HALF  ANGLE,  SHARP  NOSE  CONE 


1.7*  BASE  DIAM.,  10°  HALF  ANGLE;  SHARP  NOSE  CONE  EST.  0  I 
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Figure  24 
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t.7*  BASE  DIAM.,  10°  HALT  ANCLE;  SHABA  NOSE  CONE 
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Figure  27 
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Figure  28 
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Figure  30 


Figure  31 
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Figure  42 


Figure  43 
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Figure  44 
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